This report describes how early childhood preservice teachers appropriate, master, and/or resist learning to use technology in teaching. The data collected were part of a three-year study of an entire teacher education program supported by the National Science Foundation. The study addresses how preservice teachers become socialized to the role of teaching and how they develop as technology using teachers in a technology-rich, teacher education program. This article presents intensive case studies from their freshman to their senior years of two early childhood preservice teachers. The findings suggest that the pathway to appropriation of technology as a teacher is not uni-dimensional and has a varying set of contributors and constraints.
Introduction
Understanding the appropriation, mastery and resistance to technology of students in teacher education is important both for developing technology-using teachers and for advancing a theoretical framework about human action and learning in technology-mediated contexts. Practically speaking technology is becoming increasingly available in schools in the United States (NCES 2000) , yet studies of technology usage suggest advanced technology is not widely nor substantially improving schools (PCAST 1997 , Web-based Education Commission 2000 . One of the most prominent explanations for the low level of impact is that teachers do not feel well prepared to use technology effectively (Becker 1999, Becker and Anderson 1998) . Current inservice teachers are not well prepared to use technology, nor does it appear that the next generation is being adequately prepared to enter the profession as technology-using teachers. Upon completion of a survey of teacher education programs, David Moursund, Executive Director of ISTE, summarized the findings as such: "In the past few years teacher education programs have made substantial progress in preparing future teachers in information technology, but they still have a . Copyright © 2003, Australian Computer Society, Inc. This paper was presented at the IFIP Working Group 3.5 Conference: Young Children and Learning Technologies, held at UWS Parramatta in July 2003. Reproduction for academic, not-for-profit purposes permitted provided this text is included. long way to go." (Moursund 1999) . Teacher educators and their institutions need new knowledge about the implications of their practices and the potential of reform efforts to better prepare teachers to use technology in their teaching. Similarly educational researchers need to advance models and frameworks for understanding how teachers come to appropriate and use technology in their teaching.
Theoretical Perspective
From a theoretical perspective the process of learning to use technology so as to teach with technology offers a rich environment to not only see the appropriation of a tool into action, but to also see the appropriation of a tool for the design of action. In this sense teachers must not only come to be users of a tool, but also to design usage of the tool by learners. Following in the traditions of Burke (1969) and Bakhtin (1981) , Wertsch (1998) advances a sociocultural theory of human action that focuses upon the relationship between mental processes and the sociocultual setting to help explain human action. Wertsch defines appropriation as "the process of taking something that belongs to others and make it one's own" (Wertsch 1998:53) . From a sociocultural framework the path to appropriation is not likely to be linear, nor easy, but inherently involves tension between the tool (as developed and understood in the broader culture) and the use we make of it within a particular context, tension that often results in resistance. Wertsch also explains that mastery of skills with a tool comes from use of the tool, and cautions that we should not mistake facility for using a particular set of cultural tools for some kind of general aptitude. Similarly, we should not extrapolate mastery of skills or appropriation of tools in one context with mastery or appropriation for using the tools in other contexts.
The goal of our study is to explain the use and stances toward future use of technology in teaching of preservice teachers. To do so we examined their access to, use and professional development with interactive computer tools in context. By context we mean all the settings within which they find themselves preparing to teach and using these tools, including society, the university, the college of education, and field placements during the teacher development program. Appropriation, mastery and resistance are key constructs for understanding what is salient in the tools and contexts, and ways in which to characterize the relationship of the actions and stances of preservice teachers with the tools in the contexts.
In 1993, the College of Education at the University of Missouri-Columbia began a major revision of its curriculum that resulted in a new Teacher Development Program first implemented in fall of 1996. One of the goals of the program revision was to move toward an apprenticeship model of learning, with an increasing emphasis on learning to teach from situated experience. This goal was accomplished through placing preservice teachers (PSTs) in field experiences from the very beginning of their course of study in education, and concluding their program with a capstone semester-long internship experience in student teaching. At the same time, the college implemented a substantial technology infrastructure. The general goals of the new technology infrastructure were to support the implementation of the new curriculum approach and to immerse students in a technology using environment in which there was ready access to and high levels of support for using advanced technology for multimedia and networking applications (Laffey, Musser and Wedman 1998) .
Over the course of our first year of observations of the second cohort of PSTs (approximately 300 students in the class of 2001) in this newly-revised program, we identified 30 PSTs as participants in a primary case study sample. Through our selections, we attempted to build a sample of PSTs across the range of gender, race, and ethnicity of the cohort population, as well as of the range of technology expertise. We selected PSTs who were preparing for teaching to represent the age-levels and disciplines of the cohort. Two of these PSTs were preparing for early childhood education (ECE) and their case studies will be included in this report.
Observations and semi-structured interviews were undertaken with the PSTs in the primary sample in their second and third year in the program, as well as a final interview during their fourth year. The interviews followed guidelines collaboratively developed by members of the research team, using questions that emerged from observations and reading of the literature about technology and teacher education.
Findings

Case Study: Denise
Denise is a white, female, early childhood education major. Her content area of interest is beginning literacy. She considered getting dual certification in early childhood and elementary education, but ultimately decided not to do that because she has little desire to teach older students. Denise has a scholarship that requires her to work as a teacher in Missouri for five years after graduation. If she chooses not to work in Missouri, the scholarship turns into a loan, and she will have to pay it back. She doesn't know what she will do after five years, but she has said that she doesn't want to live in Missouri for the rest of her life.
The primary influence on her becoming a teacher was a two-semester class in early childhood education she took while in high school. She loved the class and the teacher, and she decided to become a teacher on the basis of that experience. She volunteered in the preschool during the semester break in between her junior and senior high school years. Before she took that class, she had wanted to be a veterinarian. After that experience, she decided to go into early childhood education. Her dad built the family computer. She said, "I don't know how they do that. But, you know, like puts it together and stuff. And he used to do that. So he knows it all. And then, when the computer crashes, like once a week, he fixed it and rebuilds it up or whatever." Her sister and her mother use computers for typing and emailing. Her high school had a computer lab, but they didn't use the computers very much. Denise started using computers her sophomore year in high school. She said, "I remember like my freshman year. My mom used to have to type my papers like on a typewriter or computer for me, because I was too slow. But after probably my sophomore year, … I really started to do it myself and do all of my papers on computers and stuff that we had at my house." She mostly used computers to type papers for her classes. She started using email during her last year in high school to keep in touch with friends who had gone to college.
When Denise heard about the college of education laptop program, she was excited, because she didn't own a computer of her own. Since the program provided her with a laptop, she didn't have to buy one. In the end however, Denise decided not to keep her Apple laptop for a number of reasons. She felt that it was too slow. She believed she would get a better return on her investment if she bought a faster IBM desktop computer, because she would have better access to software and because she would have access to people who would know how to fix her computer if she had problems with it.
Denise used her laptop at least once a day to type papers, do Internet searches, and communicate with people through email. In her portfolio, Denise listed an email interview, use of Merlin, web surfing to locate sources for a paper, and word processing as examples of her "extensive use of technology in learning." As she said, "I would be kind of lost without it. I really do use it a lot, and I am very thankful for it." In her sophomore year Denise gave herself a 5 on a 1-10 scale for computer expertise. As she said, "I know how to do the basics. I really don't know that much more."
In the fall of her sophomore year Denise described computers as a potential barrier between teachers and students. In the spring semester of her junior year Denise further described her view of technology in early childhood education. She felt 3 rd grade would be a good time to start teaching children about computers. She said that she could also see herself using computers to facilitate science labs. For the most part, however, she is waiting for someone to teach her how to do things with technology. Speaking specifically of PowerPoint, she noted she had not used it because no one had ever taught her how to use it. In summary, Denise is an active computer user as a student and in communicating with her peers, but resists envisioning or taking responsibility for having children use computers as part of her teaching. The resistance can be partly explained by a conflict between how she sees the role of computers in a classroom (something that you type on and that comes between the student and teacher) and her reasons for becoming a teacher (the vision from her high school class of an interpersonal and strong bond between teachers and students and her love for children). Her experiences in the program (learning some things about computers, seeing them in schools, and having a few field opportunities to learn about how teachers can use computers) have begun to help her see that computers will be a part of her classroom and recognize a role for computers in her classroom, but she seems far from appropriating the technology into her repertoire as a teacher.
I don't think it's really gonna help if you
I don't want my classroom to be a computer for
Case Study: Carrie
Carrie is a white, female, early childhood education major, and her content area of interest is beginning literacy. She wants to teach in Missouri, and her scholarship requires her to teach five years in a public school. Carrie was involved with the school newspaper when she was in high school. She somewhat considered going into journalism, but she decided to become a teacher because she wants to have a large family. She sees the teaching profession as flexible for people who want to be able to take summers off and have kids. She wants to stay home with her kids until they are in kindergarten. She said she would rather "scrimp and save as long as her husband can afford the family to be home with them." Teaching also involves working with kids, which was an attraction too. She said she wants to concentrate on her career before she starts having kids.
She said she has always taken for granted that she would become a teacher. Carrie has wanted to be a teacher since she was young. As she said, "I'm excited because I always dreamed about having my own classroom. And even like with playing when I was a little kid it was always my dream to have my own classroom. Actually having a real classroom myself will be a really cool thing." There weren't really any alternatives to seriously consider. Carrie's decision to become a teacher was influenced by her preschool teacher. When she thought back on all her preschool teacher had taught her, how well she had prepared her for school, she was inspired. Carrie always wanted to teach younger children, although she was not completely sure whether she would teach preschool or kindergarten.
Carrie was excited at the thought of getting a laptop, kept it for three years and then purchased an iMac. In her first few years in the program she mainly used the computer to do word processing, email, and web-based research. By the spring of her junior year she felt comfortable using technology, but did not see herself doing much with technology unless it was handed to her. Despite the fact that she didn't see computers as central in her class in March 2000, she did envisage using them for a number of basic things.
Unless somebody really handed it to me at my school, I don't think I would use a lot of technology, like within my teaching. … I'm not
I think maybe like at center times, when the kids rotate around the room doing different things, I would probably have like a computer station for the kids to rotate and to take turns using new games or, you know, literature activities on the computer. As far as like when I'm teaching, I don't think like I'd have a Power Point or anything teaching little kids. … I'm not that comfortable with it. I'm comfortable with using the basic Internet and word processing features and e-mail. … As far as outside communication, I'd probably use e-mail, … if parents have e-mail addresses. You know, to update them-'This is what our class is doing. This is blah blah blah.' But I mean realistically, you'd be lucky if maybe, maybe half of your class' parents had e-mail, depending on what kind of school district you are in. If you are in more of an upper middle class [district], you'd probably have better success with that than some schools I've been in. You know, parents don't even have phones, so you're lucky if you get a letter home to them and that sort of thing. I think it will be neat to have outside communication. I know a lot of teachers e-mail each other ideas, and I know that sometimes they will keep in contact with administrators that way.
By May 2000, Carrie had learned more about how teachers are using computers with young children. At the time, she said that she planned to be prepared to teach students to do some things with computers, but that she thought most computer use will be taught in computer classes. 
You can't just go out-I mean, I guess you could-but go out as a teacher and buy technology for your class. I think it depends on what your school has available in the district.
In the May, 2000 interview Carrie said that she doubted that she would have more than one or two computers in her classroom. She would use them for games and activities with the students, but primarily she would use the computers for personal record keeping. In general, Carrie saw the value of having the teacher use the computer for record keeping, materials development and communication with administrators and other teachers. Whereas she was beginning to see the potential of having students use computers, she expected that to be done by another teacher or the librarian in the computer lab and that what she would be able to do would depend on what the school provided.
Carrie felt that she had learned a number of technology using skills and represented this in her portfolio, but also felt that her skill level was fairly brittle. In summary, starting from essentially the same point, having the same education courses, and with fairly equivalent skills and use patterns as technology using PSTs, Carrie seems to have moved toward appropriation of computers in her classroom to a much greater extent than Denise. Her field experiences, which she describes as fairly rich in seeing teachers and students use computers, have helped her craft an image of her own classroom in which the kids already know a lot about computers, are excited about using computers, and in which the computers meet needs of children (digital divide) that she feels are critical. Carrie has appropriated computers as a tool in her role as a teacher and in her vision for her classroom. There are still two substantial constraints to be overcome: her lack of mastery in some areas, and her need for a school environment that provides computers and support for using computers.
Discussion
The findings show that early childhood education preservice teachers master and appropriate technology in their role as students. They use technology to communicate with peers and teachers, to prepare lesson plans and teaching materials, to create multimedia presentations for their university coursework, and meet university requirements for technology proficiency. The findings also show that the preservice teachers plan to use technology as teachers outside of the classroom (research, communication with peers and administrators, materials preparation) but resist seeing technology as a part of their relationship with children.
The teacher education program, that provided a context for this study, made substantial investments and efforts to infuse technology into the program, including laptops for all students and an extensive support system for faculty and students. The findings show that this effort had payoffs in a number of areas: (1) the PSTs used technology frequently and appeared to readily appropriate technology as a tool for themselves as students; (2) certain competencies, such as software evaluation, were developed, appreciated, and were anticipated to be valuable tools in teaching; and (3), students had exposure to a wide range of technological applications including network services, building web pages, PowerPoint presentations, and digital cameras that have potential to contribute to an expanded repertoire of teaching strategies. This third point is tempered by the recognition that the ability to use these applications seems fragile and is likely to be highly dependent upon the support available in the school where the PSTs will find employment. The findings also show a number of weaknesses in the support for technology: (1) the use of technology by faculty in the curriculum was inconsistent, and students expressed disappointment that the "supposed high tech experience" fell short of their expectations. (2) while the use of technology by students was widespread, for most students this use did not achieve much depth. Using word processors, sending email, doing web-based searching or preparing PowerPoint slides as a PST or as a prospective teacher are fairly rudimentary accomplishments when compared to a vision of teachers helping students use technology for representing, analysing and communicating about their world.
It is clear that the early childhood education PSTs grew in their mastery of technology and developed a different stance toward using technology as a teacher as they advanced through the program. From a starting point of almost no experience using technology as K-12 students (aside from typing papers), little expectation that early childhood classrooms would have technology or that they would be expected to use it, and little desire to use technology with children (and for some an aversion to it), these early childhood education PSTs grew to see the value of computers as a supplement to their teaching (primarily in centres). The two PSTs in the case studies provide illustrations of how the field experience can advance the appropriation of technology for early childhood education. Carrie had some good role models and experiences with children using technology. From these experiences she saw how the technology could be a tool for achieving her goals in the classroom. She saw that the children brought knowledge and skills with technology to the classroom or easily picked up on it. She saw the children excited and engaged, and she saw how technology was essential for her goals of giving all her students a good start in life. Denise, on the other hand, did not have the same rich experiences, and while she sees value in having computers, she sees them as someone else's tool or responsibility. This study highlights the critical nature of rich and meaningful field experiences for helping PSTs appropriate technology in their teaching interactions with children. Field experiences that have the preservice teachers interacting directly with children using technology have potential for overcoming the resistance to teach with technology.
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